Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/IB2005/000687 
International filing date: 17 March 2005 (17.03.2005) 

Document type: Certified copy of priority document 

Document details: Country/Office: IN 

Number: 491/Del/2004 

Filing date: 17 March 2004 (17.03.2004) 



Date of receipt at the International Bureau: 29 August 2005 (29.08.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 




INTELLECTUAL 
PROPERTY INDIA 



GOVERNMENT OF INDIA 
MINISTRY OF COMMERCE & INDUSTRY 
PATENT OFFICE, DELHI BRANCH 
W- 5, WESTPATEL NAGAR 
NEW DELHI- 110 008. 



I, the undersigned being an officer duly 
authorized in accordance with the provision of the 
Patent Act, 1970 hereby certify that annexed hereto is 
the true copy of the Application, Complete 
Specification and Drawing Sheets filed in connection 
with Application for Patent No. 491/Del/2004 dated 
if March 2004. 



Witness my hand this T'^ day of May 2005. 



'7 





±K PANGASA) 
Assistant Controller of Patents & Designs 



PATENTS ACT, lf7^ 

(39 of 1970) 





APPLICATION FOR GRANT 

(See Sections 5(2), 7, 54 and 135; and ^^^"^'^^-•'^^C^^^^^ 

1 We RANBAXY LABORATORIES LIMITED, a company 

incorporated under the Companies Act, 1956, Corporate Office at 19, Nehru Place, New Delhi 
- 110 019, India 

2. hereby declare - rir-ccQ pnR THF 

(a) that we are in possession of an invention titled " PROCESS •^OR I Mt .. 
PRODUCTION OF ATORVASTATIN CALCIUM IN AMORPHOUS 
FORM" 

(b) that the Complete Specification relating to this invention is filed with this apphcation. 

(c) that there is no lawful ground of objection to the grant of a patent to us. 

3 . Further declare that the inventors fof the said invention are 

a. YATENDRA KUMAR 
b SARIDI MADHAVA DILEEP KUMAR 
c. SWARGAM SATHYANARAYANA 

of Ranbaxy Laboratories Limited, Plot No. 20, Sector-18, Udyog Vihar Industrial Area, 
Gurgaon- 122001 (Haryana), India, all Indian Nationals. 

4. We claim the priority from the application(s) filed in convention countries, particulars of which 
are as follows: NOT APPLICABLE 

"^5 We state that the said invention is an improvement in or modification of the invention, the 
particulars of which are as follows and of which we are the applicant: NOT APPLICABLE 

6 We state that the application is divided out of our application, the particulars of which are given 

below and pray that this application deemed to have been filed on Under section 16 

of the Act. NOT APPLICABLE 

^ 7. That we are the assignee or legal representatives of the true and first inventors. 

8 That our address for service in India is as follows: 

DR. B. VIJAYARAGHAVAN 
Associate Director - Intellectual Property 

Ranbaxy Laboratories Limited 

Plot No.20, Sector - 18, Udyog Vihar Industrial Area, 
Gurgaon - 122001 (Haryana). INDIA. 
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(YATEKDRA KUMAR) 
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(SWARGAM SATH$ANARAYANA) 

That to the best of our knowledge, information and behef the fact and matters stated herein are 
correct and that there is no lawful ground of objection to the grant of patent to us on this 
application. 
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a. Complete Specification (3 copies) 

b. Drawings (3 copies) 

c. Priority document(s) 
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FORM 2 



The Patents Act, 1970 
(39 of 1970) 

COMPLETE SPECIFICATION 
( See Section 10 ) 



AN PROCESS FOR THE PRODUCTION OF 
ATORVASTATIN CALCIUM EV AMORPHOUS FORM 



RANBAXY LABORATORIES LIMITED 
19, NEHRU PLACE, NEW DELHI - 110019 

A Company incorporated under the Companies Act, 1956. 



The following specification particularly describes and ascertains the nature 
of this invention and the manner in which it is to be performed: 
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Processes for the production of atorvastatin calcium of high purity in an amorphous 
form are provided. 



Atorvastatin is known by the chemical name i?*)]-2-(4-fIuorophenyl)- p,5-' 

■ dihydroxy-5-(l -methylethyl)-3-phenyI-4-[(phenylamino)carbonyI]- l//-pyrrole-l -heptanoic 
add. The hemi-calcium salt of atorvastatin is useful as an inhibitor of the enzyme 3-hydroxy- 
3-methylglutaryl-coenzyme A reductase (HMG-CoA reductase) , and is thus useful as a 
hypolipidemic and hypocholesterolemic agent. 



U.S. Patent Nos. 5,273,995; 5,003,080;- 5,097,045; 5,103,024; 5,124,482; 5,149,837; 
5,155,251; 5,216,174; 5,245,047; 5,248,793; 5,280,126; 5,397,792; and 5,342,952, disclosi 
various processes and intermediates for preparing atorvastatin. Several processes have been 
reported for the preparation of amorphous form of atorvastatin calcium in U.S. Patent Nos. 
6,528,660 and 6,613,916; U.S. Patent Application PubUcation Nos. 2002/183378 and 
2003/109569; and Intemational (PCT) Patent Applications WO 01/2899, WO 02/57228, WO 
02/83637, WO 02/83638, WO 03/18547 and WO 03/68739. ' 



ha one embodiment, a process for the production of atorvastatin calcium in amorphous 
form is provided comprising: 

a) reacting a solution of (4i?-cis)-l,l-dimethylethyl-6-{2-[2-(4- 
fluorophenyl)-5-(l-methylethyl)-3-phenyl-4-[(phenylamino)-carbonyl]-m-pyrrol- 
lyl]ethyl>-2,2-dimethyl-l,3-dioxane-4-acetate (Compound H, as shown in Scheme I 
of the accompanied drawings) in a water miscible solvent with an acid to obtain [i?- 
(i?*,i?*)]-l,l-dimethylethyl-2-(4-fluorophenyl)-P,5-dihydroxy-5-(l-methylethyl)-3- 
phenyl-4-[(phenylamino)carbonyl]-liy-pyrrole-l-heptanoate (Compound I, as shown 
in Scheme I of the accompanied drawings); 

b) treating Compound I with an alkali metal hydroxide to obtain an alkali 
metal salt of atorvastatin; 

c) washing the solution of alkali metal salt of atorvastatin with a solvent 
immiscible or slightly miscible in water; 
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d) treating the washed solution of alkali metal salt of atorvastatin with a 
calcium salt or calcium hydroxide to obtain atorvastatin calcium; 

e) isolating crude .atorvastatin calcium; 

f) purifying crude atorvastatin calcium by dissolving in a mixture of 
tetrahydrofuran and methanol, and precipitating with water to obtain pure atorvastatin 
calcium in crystalline form; and 

g) converting crystalline pure atorvastatin calcium so obtained into 
amorphous form. 

In another embodiment, a process for purifying atorvastatin calcium is provided 
comprising dissolving crude atorvastatin calcium in a mixture of tetrahydrofuran and 
methanol, and precipitating with water to obtain pure atorvastatin calcium in crystalline form. 

In an additional embodiment, a process for the production of stabilized atorvastatin 
calcium in amorphous form is provided comprising: 

a) dissolving crystalhne atorvastatin calcium and an antioxidant in a 
solvent; 

b) adding the solution of atorvastatin calcium and antioxidant to an anti- 
solvent; and 

c) separating precipitated, amorphoxis atorvastatin calcium from the 
resulting suspension. 

In yet another embodiment, a process for the production of atorvastatin calcium in 
amorphous form is provided comprising: 

a) dissolving crystalline atorvastatin calcium in a hydroxyUc solvent; 

b) adding the obtained solution of atorvastatin calcium to a non-hydroxylic anti- 
solvent, wherein the non-hydroxylic anti-solvent has a higher boiling point 
than the hydroxyUc solvent; 

c) concentrating the solution so obtained to remove the hydroxyUc solvent; and 
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d) separating precipitated amorphous atorvastatin calcium from the resulting 
suspension. 



. The acid used foi" deketalization of Compound H to afford Compound I may be an 
inorganic acid. Examples of inorganic acids include hydrochloric, hydrobromic, sulphuric, 
phosphoric and nitric acids. Suitable water-miscible solvents for the deketalization process 
include acetonitrile; alcohols such as methanol, ethanol, propanol, and isopropanol; cyclic 
ethers such as dioxane and tetrahydrofuran; ketones such as acetone and mixtures thereof 

Compound I can be hydrolysed with an alkali metal hydroxide such as sodium 
hydroxide, potassium hydroxide and Uthium hydroxide.' The, reaction mixture may be 
maintained at a pH of at least 9, for example, about 12, to result in efficient hydrolysis and to 
minimize side product formation. Thie reaction mixture > then washed with a water- 
immiscible or slightly water-miscible solvent to remove unreacted con?)ounds and other 
impurities. Suitable solvents for the washing include ethers such as methyl tertiary butyl 
ether, diethyl ether, methyl ethyl ether and dibutyl ether; esters such as ethyl acetate and 
isopropyl acetate; and hydrocarbons such as toluene and petroleum ether. 



The solution of alkali metal salt of atorvastatin obtained is reacted with calcium 
hydroxide or a calcium salt such as calcium acetate, calcium chloride, calcium sulfate, 
calcium fiitrate and calcium phosphate. The reaction may be performed at a temperature of 
about 45 to 55 °C. The pH of the solution of alkaU metal salt of atorvastatin may be lowered 
to about 7.8 to 8.2 with an acid before addition of the calcium salt to facilitate isolation of 
crude atorvastatin calcium 

Any residual water-immiscible or sUghtly water-miscible solvent remaining in the 
reaction mixture may be removed under reduced pressure to aid precipitation. Water may be 
used as an antisolvent to effect precipitation of crude atorvastatin calcium in good yields. 
Water may be added at a temperature of about 55 to 65 »C to avoid rapid precipitation and 
seeds of crystalline atorvastatin calcium may also be added to the mixture. Crude 
atorvastatin calcium may be isolated in high yields by cooling the reaction mixture to a 
temperature of about 20 to 35 X and stirring at the same temperature for several hours before 
filtration or centrifugation. 
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Crude atorvastatin calcium is purified by crystallization using tetrahydrofuran and 
methanol as solvents and water, as anti-solvent. Purification involves removal of unreacted 
compounds, side product and other impurities. Tetrahydrofuran, methanol and water may be 
used in the volume ratio 1:1:4 to obtain atorvastatin calcium of high purity. Water may be 
added at a temperature of about 60 to 65 °C. Seeds of crystalline atorvastatin calcium may be 
added to facilitate precipitation. In a particular embodiment, seeds of crystalline atorvastatin 
calcium are added at a temperature of about 50 °C. Crystalline atorvastatin calcium may be 
isolated by coohng the mixture to a temperature of about 30 to 35 °C and stirring at the same 
temperature for several hours before filtration or centrifugation. 

Crystalline pure atorvastatin calcium may be converted into the amorphous form by 
methods laiown in the art such as US. Patent Nos. 6,528,660 and 6,613,916; Intemational 
(PCT) Patent AppUcations WO 01/28999, WO 03/99785, WO 03/78379, WO 03/18547 and 
WO 02/57228; and U.S. Patent Application Publication No. 2002/183378, which are 
incorporated herein by reference. 

Amorphous atorvastatin calcium may also be obtained by having an additional step 
wherein the pure crystalline atorvastatin calcium (where "pure" is meant in the sense of 
chemical purity) obtained after step f) is suspended in a mixture of methanol and water in the 
volume ratio 1 to 5 and stirred with seed crystals of crystalline Form I, to obtain atorvastatin 
calcium in crystalline Form 1. The stirring may be performed at a ten5)erature of about 10 to 
65 °C, for example, about 30 to 45 °C. 

Altematively, pure crystaUine atorvastatin calcium (where "pxire" is meant in the 
sense of chemical purity) obtained after step f) is suspended in a rriixture of methanol and 
water in the volume ratio 3 to 2 and stirred with seed crystals of crystalline Form II, to obtain 
atorvastatin calcium in crystalline Form II. The volume of methanol and water mixture may 
be about 15 to 25 times, for example, about 20 times, the weight of the atorvastatin calcium 
to be suspended. The stirring may be performed at a temperature of about 10 to 65 °C, for 
example, about 25 to 45 °C. 

In yet another variant, a further additional step may be performed wherein crystalline 
Form I of atorvastatin calcium obtained above is suspended in a mixture of methanol and 



water in the volume ratio 3 to 2 and stirred with seed crystals of crystalline Form II, to obtain 
atorvastatin calcium in crystalline Form n. The volume of methanol and water mixture may 
be about 15 to 25 times, for example, about 20 times, the weight of the atorvastatin calcium 
to be suspended. The stirring may be performed at a temperature of about 10 to 65 "C, for 
example, about 25 to 45 °C. 



Amorphous atorvastatin calcium may be obtained by dissolving crystalline 
atorvastatin calcium in a solvent, and adding the resulting solution to an anti-solvent An anti- 
solvent is a liquid that does not dissolve atorvastatin calcium. Examples of solvents include 
ketones such as acetone and methyl isobutyl ketone; esters such as ethyl acetate and isopropyl 
acetate; chlorinated hydrocarbons such as methylene chloride and ethylene dichloiide; cycUc 
ethers such as dioxan and tetrahydrofuran; alcohols such as methanol, ethanol and 
isopropanol; nitriles such as acetonitrile; dipolar aprotic solvents such as dimethylsulfoxide 
and dimethylformamide; and mixtures thereof witii water. Examples of anti-solvents include 
hydrocarbons, such as cyclohexane, hexanes, heptanes, petroleum ethers, toluene, xylene and 
the hke; dialkyl ethers such as diethyl ether, diisopropyl ether, and the like; and can readily 
be determined by one ordinarily skilled in the art. 



An antioxidant may be added to the atorvastatin calcium solution to obtain stabiUzed, 
amorphous atorvastatin calcium. Examples of suitable antoxidants mclude butylated 
hydroxyanisole, butylated hydroxytoluene and tertiary-butylated hydroquinone. 

The term 'stabilized atorvastatin calcium' means the hemi-calcium salt of atorvastatin 
having a level of purity, which is provided and maintained through the use of antioxidants. 

Stabilized, amorphous atorvastatin calcium can be obtained with purity of at least 
97%, for example when determined by high performance liquid chromatography (HPLC) 
analysis. In general, stabiUzed, amorphous atorvastatin calcium having a purity of at leas't 
99% may be obtained. In some particular embodiments, stabilized, amorphous atorvastatin 
calcium having a purity of at least 99.5% may be obtained. 
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The atorvastatin calcium solution may be dried (moisture removal) before its addition 
to the non-solubilizing liquid. This may be accomplished by, for example, filtration through 
dry molecular sieves. Alternatively or additionally, drying of the solution may be achieved 
by a process, wherein the solution is made using excess solvent, which is then concentrated to 
remove moisture from the solution. 



Examples of hydroxylic solvents which may be used for dissolving atorvastatin 
calcium include alcohols such as methanol, ethanol, propanol, isopropanol, and mixtures 
thereof with water. Examples of non-hydroxylic anti-solvents which may have a higher 
boiling point than the hydroxylic solvent include hydrocarbons, such as cyclohexane, 
hexanes, heptanes, petroleum ethers, toluene, xylene and the Uke; dialkyl ethers such as 
diisopropyl ether, and the like; and can readily be determined by one ordinarily skilled in the 



art. 



The solution of atorvastatin calcium having the desired hydroxylic solvent and non- 
hydroxyUc anti-solvent is concentrated to remove the hydroxyUc solvent either partially or 
completely to precipitate amorphous atorvastatin calcium, hi a manner similar to that detailed 
above, an antioxidant may be added to the hydroxyUc solution of atorvastatin calcium to 
obtain stabilized, amorphous atorvastatin calcium. Similarly, tiie atorvastatin calcium 
hydroxylic solution may also be treated as detailed above for moisture rranoval. 

(4i?-cw)-l,l-dimethylethyl-6-{2-[2-(4-fluorophenyl)-5-(l-methylethyl)-3-phenyl-4- 
[(phenylamino)-carbonyl]-m-pyrrol-lyl]ethyl}-2,2-dimethyl-l,3-dioxane-4-acetate 
(Compound H, as shown in Scheme I of the accompanied drawings) may be obtained by 
methods known in the art, such as those described in U.S. Patent Nos. 5,003,080; 5,103,024; 
5,155,251 and Tetrahedron Lett., 33 (17), 2279-82 (1992), which are incorporated herein by 
reference. 

In a particular embodiment. Compound H may be obtained as described in reaction 
Scheme I by 

a) treating (7?)-ethyl 4-cyano-3-hydroxybutanoate (Compound A, as shown in 
Scheme I of the accompanied drawings) with 1,1-dimethylethylacetate (Compound B, as 
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shown in Scheme I of the accompanied drawings) in the presence of n-butyl lithium and 
diisopropylamine to obtain (i?)-l,l-dimethylethyl 6-cyano-5-hydroxy-3-oxohexanoate 
(Compound C, as shown in Scheme I of the accompanied drawings); 

b) treating Compound C with diethyl methoxyborane and sodium borohydride to 
obtain [i2-(i2*^*)]-l,l-dimethylethyl 6-cyano-3,5-dihydroxyhexanoate (Compound D, as 
shown in Scheme I of the accompanied drawings); 

c) treating Compound D with 2,2-dimethoxT propane and methanesulfonic acid 

to obtain (4i?-c/^)-l,l-dimethyIethyl-[6-cyanomethyl-2,2-dimethyl-l,3-dioxan]-4-acetate 
(Compound E, as shown in Scheme I of the accompanied drawings); 

d) treating Compound E under reducing conditions to obtain (4i?-c/.y)-l,l- 

dimethylethyl-[6-(2-aminoethyl)-2,2-dimethyl-l,3-dio7can-4-yl]acetate (Compound F, as 
shown in Scheme I of the accompanied drawings); and 

e) condensing Compound F with (±)- 4-fluoro-a-(2-methyl-l-oxopropyl)-y-oxo- 
iV",p-diphenylbenzenebutaneamide (Compound G, as shown in Scheme I of the 
accompanied drawings) to obtain (4i?-cw)-l,l-dimethylethyl-6-{2-[2-(4-fluorophenyl)-5- 
(l-methylethyl)-3-phenyl-4-(phenylamino) carbonyl]-liy-pyrrol-lyl]ethyl}-2,2-dimethyl- 
l,3-dioxane-4-acetate (Compound H, as shown in Scheme I of the accompanied 
drawings). 

Crystalline'forms of atorvastatin calciimi to be used as seeds may be obtained by 
methods known in the art such as those described in U.S. 2002/183378, which is incorporated 
herein by reference, or prepared by processes exemplified herein. 

In the following section embodiments are described by way of example to illustrate 
the process disclosed herein. However, these do not limit the scope of the present invention. 

Example 1: Preparation of amnrp hons ri?-fj?*.7?*^l-2-('4-fluorophenvn-f^ ??-dihvdroxv-5- ri- 
methvlethvl)-3-phenvl-4- [(phenvlamin o -) carbonvll-li7-Dvrrole-T-heDtanQic ncid. calcium 
salt (2:n ( Atorvastatin Calcium Amorphous^ 
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(4/?-m)-14-diniethylethyl-6-{2-[2-(4-fluorophenyl)-5-(l-methy 
[(phenyIamino>carbonyl]-liJ-pyrrol-lyl]ethyI}-2,2-dimethyl-l53-dioxan^^ 
(Compound H) 

A xmxture of (4i?-c/j)-l J -dimethyl ethyl-6-(2-aminoethyl)-2,2 -dimethyl- 1, 3- 
dioxane]-4-acetate (9 Kg, 32.96 moles), (±)- 4-fluoro-a-(2-methyl-l-oxopropyl)-Y-oxo-iV;p- 
diphenylbenzenebutaneamide (13.33 Kg, 31.93 moles), n-heptane (90 L), tetrahydrofuran 
(22.5 L), toluene (22.5 L) and pivalic acid (2.18 Kg, 21.30 moles) was heated to reflux 
temperature for about 40 hrs. The reaction was monitored for completion by HPLC. The 
reaction mass was cooled and diluted with toluene. The reaction mixture was then washed 
initially with aqueous sodium hydroxide solution (0.5 iV), then with aqueous hydrochloric 
acid solution (0.5 N) and followed by brine (10%). The organic layer was treated with 
activated carbon, and filtered through a hyflo filter. The organic layer was concentrated to 
10% of the total volume under vacuum. Isopropyl alcohol (34 L) was then added, and the 
solvent recovered under vacuimi, followed by repeated addition of isopropyl alcohol and 
solvent recovery under vacuum. The residue was dissolved in isopropyl alcohol and de- 
ionized water (45 L) was added till turbidity appeared. Further de-ionized water (60 L) was 
added gradually. The precipitated product was filtered, washed with a mixture of isopropyl 
alcohol and de-ionized water (2:1) and dried to get the title compound (16.2 Kg, 24.77 moles, 
94% by HPLC), The crude product was purified by dissolving in isopropyl alcohol (128 L) 
at 50 to 55 °C, concentrating the solution and cooling the residual mass slowly under stirring. 
The solid thus obtained was filtered, washed with chilled isopropyl alcohol and dried at 40 to 
45 °C to give pure Compound H (13.2 Kg, 20.20 moles, purity: 99% by HPLC). 

[i?-(i?*^*)]-l,l-Dimethylethyl-2-(4-fluorophenyl)-|J,5-aihydroxy-5-(l-meth 
phenyM-[(phenyiammo)carbonyll-l/Z-p3nrrole-l-heptanoate (Compound I) 

To a solution of Compound H (10 Kg, 15.29 moles) in methanol (217 L), 1 N 
hydrochloric acid solution (21 L, 16.04 moles) was added at 20-26 °C in 15- minutes. The 
reaction mixture was stirred at the same temperature until the reaction was complete (about 6 
hours, monitoring by HPLC). 



Iif-(i?*^)]-2-(4-FIuorophenyI)-p, 5-dihydroxy-5-(l-methylethyl)-3-phenyI-4- 

I(phenyIamino)-carbonyI]-Lff.pyrroIe-l-heptanoic acid, sodium salt (Atorvastatin 
Sodium) 

The pH of the reaction mixture obtained above was adjusted to about 12 by adding 
10% w/v aquepus sodium hydroxide solution at 25-30 °C and the resulting mixture was 
stirred for about 6 hours at 25-30 X. The progress of the reaction was monitored by HPLC. 
The pH of the reaction mixture was monitored and maintained at about 12 throughout the 
course of the reaction by adding 10% w/v aqueous sodium hydroxide solutioa After the 
reaction was complete, the mass was filtered and concentrated to about 84 L. 



Crude [i?-(i?*^*)]-2-(4-fluorophenyI)-p,5-dihydroxy-5-(l-methylethyI)-3-piienyI-4- 
{(phenyiamino)-carbonyl]-Lfif-pyrrol-l-heptanoic acid, calcium salt (2:1) (Atorvastatin 
Calcium Crude) 

De-ionised water (89 L), methanol (19 L), and methyl tertiary butyl ether (60 L), were 
added to the concentrated reaction mass obtained above with continuous stirring. ' The layers 
• were separated. The aqueous layer was washed with methyl tertiary butyl etiier and filtered 
through a sparkler filter. The filtrate was collected in a reactor and its pH adjusted to 7.9-8.1 
with 6 iV hydrochloric acid. This mixture was heated to 48 °C. 

To this mixture, an aqueous solution of calcium acetate (1.33 Kg, 8.41 moles) in 
water (48 L) was added slowly and heated to 51 °C. The contents were stirred at 51-54 °C 
until a clear solution was obtained. Crystalline atorvastatin calcium Form I seeds (77g) were 
added and stirred. Methyl tertiary butyl eflier was recovered under reduced pressure. The 
temperature was raised to 58 °C and de-ionised Water (11 L) was added. The contents were 
cooled to 50 °C and a second lot of atorvastatin calcium Form I seeds (33g) were added. The 
contents were further cooled slowly to 30 °C over a period of 3-4 hours and filtered. The wet 
cake was washed with a mixture of methanol and de-ionised water. The material was dried at 
45-50 °C- to yield a Kg of atorvastatin calcium having a purity of 97.5% determined by 
HPLC. 
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Pure Crystalline Atorvastatin Calcium 

The crude product obtained above was charged to a reactor coiitainiftg methanol (16 
L) and tetrahydrofuran (40 L). The contents are stirred to get a clear solution and filtered 
through a sparkler filter followed by washing over hyflo bed with.methanol (32 L). 

The filtrate was heated^to 65 °C and refluxed-for- 30-60 minutes. To this, de-ionised water 
(about 120 L) was added slowly over a period of 1-2 hours until turbidity appeared. At the 
onset of turbidity, crystalline atorvastatin calcium Form I seeds (8g) were added. The 
contents were stirred for 30 minutes at 68-72 ''C and de-ionised water (about 40L) was added. 
The contents were cooled to 50 °C and atorvastatin calcixim Form I seeds (24g) were added 
with continuous stirring. The contents were further cooled to 

35 °C and stirred for 5 hours at 33-35 °C and then filtered. The wet cake was washed with a 
mixture of tetrahydrofuran, methanol and de-ionized water (volume ratio 1:1:4) and then 
dried at 50-55 °C under reduced pressure to yield 7.36 Kg of cyrstalline atorvastatin calcium. 

Preparation of Crystalline Atorvastatin Calcium (Form-I) 

The above dried product was added to a reactor containing de-ionized water (108.8 L) and 
methanol (19.2 L). The contents were stirred for 10 minutes and heated to 45 °C. To this, 
crystalline atorvastatin calcium form I seeds (73 Og) were added and the mixture was stirred at 
40 °C to 45 °C until the IR spectnmi of the sample was comparable with the seed crystals. 
The contents were filtered and washed with a mixture of de-ionized water and methanol 
(volume ratio 6:1). The wet cake was dried at 50-55 °C to yield 7.2 Kg of crystalline 
atorvastatin calcium having a purity of 99,7% determined by HPLC. 

Atorvastatin Calcium Amorphous 

Tetrahydrofin-an (16,38 L) was added to crystalline atorvastatin calcium Form I (6.3 
Kg, 5.2moles) obtained above followed by butylated hydroxyanisole (63 g, 0.5 moles). The 
contents were stirred for 30 minutes at 20 to 25 °C to get a solution. This solution was 
filtered over a hyflo bed followed by washing of the hyflo bed with tetrahydrofuran (2,52 L), 
and the filtrate was collected. The filtrate was added slowly over a period of 4 to 5 hours to 
cyclohexane (1 89 L) at 25 °C. The contents were stirred for 60 minutes, centrifiiged and 
washed with cyclohexane. The material was. dried under vacuum at 60 °C to 70 for 12 



11 



hours to yield 5.67 Kg of amorphous atorvastatin calcium having a purity of 99.54% 
determined by HPLG. 



Example 2: Preparation of Atorvastnti n Calcium .Amnrp hn,,^ 

Tetrahydrofuran (10 L) was added to atorvastatin calcium Form I (1 Kg) obtained as 
per Example 1 above, followed by butylated hydroxyanisole (3 g). The contents were stirred 
for 15 rninutes at 20 to 25 °C to get a solutioa This solution was filtered over hyflo bed 
followed by washing of the hyflo bed with tetrahydrofuran (0.4 L), and the filtrate was 
collected and concentrated to a volume of about 3 L at 62 to 70 °C. The solution was cooled 
to 20 °C and added slowly over a period of 4 to 5 hours to cyciohexane (30 L) at 20 to 23 *C. 
The contents were stirred for 60 minutes and filtered. The wet cake was washed with 
cyciohexane. The material was dried under vacuum at 60 °C to 70 °C for 12 hours to yield 
0.9 Kg of amorphous atorvastatin calcium having a purity of 99.45% determined by HPLC. 



. Preparation of Crv.stalli ne Atorva-statin Calcium (Form-m 
Example 3 

A mixture of methanol (180 ml) and de-ionized water (120 ml) was added to crystalline 
atorvastatin calcium form I (15 g) at room temperature. The temperature was raised to 25 X, 
seeds of crystalline atorvastatin calcium form H (1.5 g) were added, and the suspension was 
stirred at^_25 °C. The suspension became very thick after about 24 hours and a mixture of 
methanol (90 ml) and de-ionized water (60 ml) was added to resume stirring. The 
suspension was further stirred at 25 °C for another 24 hours and then filtered. The filtered 
solids were dried under reduced pressure at 70 °C for 48 hours to get 14.7 g of crystalline 
atorvastatin calcium The XRD spectmm of the product matched with that of Form-II of 
atorvastatin calciimi. 

Example 4 

A mixture of methanol (1.2 L) and de-ionized water (800 mi) was added to crystalline 
atorvastatin calcium Form I (100 g) at room temperature. The temperature was raised to 45 
°C slowly, seeds of crystalline atorvastatin calcium form II (10 g) were added, and the 
suspension stirred at 45 °C. The suspension became very thick al^er about 24 hours and a 
mixture of methanol (600 ml) and de-ibnized water (400 ml) was added to resume stirring. 
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The suspension was again warmed to 45 °C and further stirred at the same temperature for 
another 24 hours and then filtered. The filtered solids were dried under reduced pressure at 70 
°C for 48 hours to get 98 g of crystalline atorvastalin calcium. The XRD spectrum of the 
product matched with that of Form-II of atorvastatin calcium. 

s 

Example 5 : Purification of Atorvastatin Calcium (without seeding) 

The cmde atorvastatin calciiun obtained as per Example 1 was charged to a reactor 
containing methanol (1 6 L) and tetrahydrofuran (40 L). The contents are stirred to get a clear 
solution and filtered through a sparkler filter, followed by washing over hyflo bed with 
methanol (32 L). The filtrate was heated to 65 °C and refluxed for 30-60 minutes. To this, 
de-ionised water (about 120 L) was added slowly over a period of 1-2 hours lantil turbidity 
appeared. The contents were stirred for 30 minutes at 68-72 °C and de-ionised water (about 
40L) was added. The contents were cooled to 35 °C and stirred for 5 hours at 33-35 °C and 
then filtered. The wet cake was washed with a mixture of tetrahydrofuran, methanol and de- 
ionized water (volume ratio 1 :1 :4) and then dried at 50-55 °C under reduced pressure to yield 
7.33 Kg of cyrstalline atorvastatin calcium. 

Example 6: Preparation of Atorvastatin Calciimi Amorphous 

Tetrahydrofuran (480 ml) was added to crystalline atorvastatin calcium obtained above in 
Example 5 (60 g), followed by butylated hydroxyanisole (0.6 g). The contents were stirred, 
de-ionised water (24 ml) was added and the mixture was stirred for 15 minutes at 20 to 25 °C 
to get a clear solution. Molecular sieves (240 g, Siliporite NK30 AP® powdered) were added 
to the solution and the mixture was stirred .for 2 hours at 20 to 25 °C. This solution was 
filtered through a molecular sieves bed, followed by washing of the bed with tetraliydrofuran 
(120 ml). The filtrate was collected and concentrated to a volume of about 210 ml at 60 to 70 
°C. The concentrated solution was cooled to 25 °C and added slowly over a period of 2 hours 
to cyclohexane (1800 ml) at 22 to 25 °C under moderate stirring. The contents were stirred 
vigourously for 30 minutes at the same temperature and filtered. The wet cake was washed 
with cyclohexane (60 ml). The material was dried under reduced pressure at 60 °C to 70 °C 
for 6 hours to yield 54 g of amorphous atorvastatin calcium. 
SiUporite NK30 AP is registered trademark of CECA, France 
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Example 7: Preparfition of Crysta lline Atorvastatin Calcium rPorm Tt) 

■ A mixture of methanol (1 .2 L) and de-ionized water (800 ml) was added to crystalline 
atorvaslatin calcium obtained .abo^•e in example 5 (100 g) at room temperature. The 
. temperature was raised to 45 °C slowly, seeds of crystalline atorvastatin calcium form II (10 
g) were added, and the suspension stirred at 45 °C. The suspension became very thick after 
about 24 hours and a mixture of methanol (600 ml) and de-ionized water (400 ml) was added 
to resume stirring. The suspension was again warmed to 45 °C and further stirred at the same 
temperature for another 24 hours and then filtered. The filtered solids were dried under 
reduced pressure at 70 °C for 48 hours to get 98 g of crystalline atorvastatin calcium. The 
XRD spectrum of the product matched with that of Form-H of atorvastatin calcium. 



Example 8: Preparati on of Atorvastatin Calcium Amorphou.s 

Tetrahydrofiiran (10 L) was added to atorvastatin calcium crystalline Form II (1 Kg) 
followed by butylated hydroxyanisole (3 g). The contents were stirred for 15 minutes at 20 to 
25 °C to get a solution. This solution was filtered over a hyflo bed followed by washing of 
the hyflo bed with tetrahydrofuran (0.4 L), and the filtrate was collected and concentrated to a 
volume of about 3 L at 62 to 70 °C. The solution was cooled to 20 °C and added slowly over 
a period of 4 to 5 hours to cyclohexane (30 L) at 20 to 23 °C. The contents were stirred for 
60 minutes and filtered. The wet cake was washed with cyclohexane. The material was dried ' 
under vacuum at 60 °C to 70 °C for 12 hours to yield 0.9 Kg of amorphous atorvastatin 
calcium having a purity of 99.5% determined by HPLC. 



Example 9: Atorvastatin Calcium Amorphous 

Methanol (100 mL) was added to atorvastatin calcium form H (10 g). The contents were 
stirred for 40 minutes at 20 to 25° C to get a clear solution Butylated hydroxyanisole (0. Ig) 
was then added and the mixture stirred for 30 minutes. Methanol (50 ml) was then recovered 
at 40° C under reduced pressure in 30 minutes. The solution was cooled to 20 to 25° C and 
added slowly over a period of one hour to cyclohexane (300mL) at 20 to 30° C. The solution 
was stirred for 1 hour at 25° C. The obtained clear solution was concentrated to a volume of 
about 300 L at 60 to 70° C (approximately 50 ml methanol was distilled out). The obtained 
suspension was then cooled to 20 to 25° C with stirring in 30 minutes and filtered. The wet 
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cake was washed with cyclohexane. The material was dried under vacuum at 60 ""C to 70 °C 
for 1 hour to yield 9.0 g of amorphous atorvastatin calcium. 

Example 10: Preparation of f4/?-c7^Vl.l-dimethvlethvl-[6-f2~aminoethvlV2,2-dimethvl-l,3- 
dioxan-4-vl] acetate (Compound ¥) 

(i?)-l,l-dimethylethyl-6-cyano-5-hydroxy-3-oxohexanoate (Compound C) 

n-But5d lithium and diisopropylamine are mixed at -40 °C for the formation of lithium 
diisopropylamine. 1 ,1-DimethylethyI acetate (Compound B) in tetrahydrofuran is then added 
at -50 °C and the mixture stirred at -20 to 25 °C for 1 hour. The reaction mixture is further 
cooled to -50 °C and (i?)-ethyl-4-cyano-3-hydr6xybutanoate is added maintaining 
temperature at -20 to -25 °C and kept at the same temperature for 2 hours. The reaction is 
monitored for completion by thin layer chromatography. The reaction is quenched with a 2 iV 
solution of hydrochloric acid and the product was extracted with ethyl acetate, washed with 
water and brine followed by complete evaporation of solvent to get the title compound which 
is taken to the next step without further purification. 

[R-(R*, R*)]-l,l-dimethylethyl 6-cyano-3, 5-dihydroxyhexanoate Compound D) 

To a mixture of tetrahydrofuran and methanol containing (i?)-l,l-dimethylethyl-6- 
cyano-5-hydroxy-3-oxohexanoate (Compound C) is added diethyl methoxyborane slowly at - 
80 to -90 °C and stirred for 30 minutes at the same temperature. Sodiimi borohydride is 
added in lots maintaining temperature at -80 to -90 °C and stirred for 5 hours at -80 to -90 °C, 
After completion of reaction, the temperature is slowly raised to 0 °C then to room 
temperature in 2 hours, and the reaction quenched with glacial acetic acid slowly in 30 
minute while maintaining temperature between 0 to 40 °C. The mixture is concentrated to 
approximately 20% of total volume. Methanol is added and recovered to remove borane 
derivatives. The product is extracted with ethyl acetate, washed with water and then brine. 
The organic layer is concentrated to approximately 20% of original volume. Tetrahydrofuran 
is then added and recovered completely under reduced pressure to get the title compound as a 
concentrated mass, which is taken to the next step. 
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(4i?-ci^)"14--I>iinethylethyl-[6-cyanomethyl-2,2-dimethyl-l,3-dioxan] 
(Compound E) 

A mixture of 2^2-dimethoxy propane containing .[7^--(7^'^,/?*)]-1 J-dimethylethy^6- 
cyano-3,5-dihydroxyhexanoate (Compound D), acetone and methanesulfonic acid is stirred 
for 3 to 4 hours at 29 to 30 ''C and the reaction monitored for completion by thin layer 
chromatography. The reaction is then quenched with 5% w/v aqueous sodium bicarbonate 
solution slowly to adjust pH to about 7 and extracted with ethyl acetate. The organic layer is 
concentrated and the solvent recovered completely under reduced pressure. The residue is 
crystallized with hexane to get the title compound as a crude product, which is recrystallized 
with methanol and water to get the pure compound. 

(4R-cisy 1 ,1 -Dimethylethyl- [6-(2-amino ethyl)T.2,2-dimethy 1- 1 ,3-dioxan-4-yI] acetate 
(Compound F) 

Pure (4i?-cz^)-l,l-dimethyleihyl-[6-cyanomethyl-2,2-dimethyl-l,3-dioxan]-4-acetate 
(Compound E) dissolved in ammonia saturated methanol is hydrogenated in the presence of 
activated Raney nickel by applying hydrogen pressure of 4.5 to 5 kg/cm^ at room temperature 
under stirring for 4 to 12 hours. The reaction is monitored for completion by gas 
chromatography. The catalyst is filtered through hyflo bed and concentrated to recover 
methanol completely under reduced pressure to get the title compound. 

Example 1 1 : Preparation of crystalline atorvastatin calcium form-I seed 
Part A - Preparation of Crude Atoi*vastatin Calcium 

{i?-(J?*^*)]-l,l-Dimethylethyl-2-(4-fluorophenyl)-p,8-dihydroxy-5-(l-niethyIethyl^^ 
phenyI-4-[(phenylaniino)carbonyl]-li2-pyrroIe-l-heptanoate (Compound I) 

To a solution of Compound H (57g) in methanol (1.71L), 1 N hydrochloric acid solution (1 16 
mL) was added drop wise at 20-25 °C in 15 minutes. The reaction mixtinre was stirred at the" 
same temperature for about 5 hours, and monitored by TLC (hexane: ethanol :: 6:4). 1 N 
hydrochloric acid solution (10 mL) was then added and the reaction mixture was further 
stirred for about 2.5 hours. 
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[i?-(i?*^*)l-2-(4-Fluoropheny!)-P, 8-dihydroxy-5-(l-niethylethyi)-3-phenyl-4- 
[(phenylamino)-carbonyl]-Lff-pyrrole-l-heptanoic acid, sodium salt (Atorvastatin 

Sodium) 

The pH of the reaction mixture obtained above was adjusted to about 12 by adding 10% w/v 
aqueous sodium hydroxide solution at 25-30 °C and the resulting mixture was stirred for 
about 6 hours at 25-30 °C. The progress of the reaction was monitored by HPLC. The pH of 
the reaction mixture was monitored and maintained at about 12 throughout the course of the 
reaction by adding 10% w/v aqueous sodium hydroxide solution. After the reaction was 
complete, the mass was filtered and concentrated to get the title compound as a white 
precipitate. 

^*)]-2-(4-fluorophenyl)-p,8-dihydroxy-5-(l-methylethyl)-3-phenyI^^^ 
[(phenylamino)-carbonyl]-l/Z-pyrroH-heptanoic acid, calcium salt (2:1) (Atoi-vastatin 
Calcium) 

De-ionized water (500 mL), meliianol (200 mL), and methyl tertiary butyl ether (200 
xnLX were added to atorvastatin sodium obtained above and stirred to obtain a solution. The 
layers were separated. The aqueous layer was washed with methyl tertiary butyl ether(200 
mL), and filtered through hyflo bed. The hyflo bed was washed with a mixture of methanol 
(25 mL) and methyl tertiary butyl ether (25 mL). The filtrate was warmed to 50 °C and its pH 
adjusted to about 10 with concentrated hydrochloric acid. To this mixture, an aqueous 
solution of calcium acetate (7.52 g) in water (275 mL) was added slowly in 1,5 hours at 50 
°C. Some turbidity was observed at this stage. Methyl tertiary butyl ether (20 mL) was added. 
Some methyl tertiary butyl ether spontaneously evaporated at this stage. The mixture was 
heated to 80 °C to obtain a clear solution. The contents were stirred for 20 minutes at the 
same temperature and then allowed to cool for 1.5 hours. The contents were further cooled to 
25 °C and stirred for 30 minutes at the same temperature and then filtered. The wet product 
was slurry washed with a mixture of methanol and de-ionized water (2:1, 100 mL) and 
filtered. The material was dried at 45 °C for 8 hours to yield 43.38 g of atorvastatin calcium. 
The XRD spectrum of the product mainly showed two very broad peaks. 
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Part B- Preparation of crystalline atorvastatin calcium form-I seed 
l^tepl 

Atorvastatin calcium (2 g) obtained above was suspended in de-ionized water (20 ml) and- 
stirred for 20 hoiu s at about 30° C. TJie suspension was then filtered and dried under reduced 
pressure at 40 to 45° C for 3 hours to get 1.9g of the product. The XRD spectrum of the 
product showed a change in pattern from that of the starting atorvastatin calcium. An increase 
in sharp peaks indicating increased crystallinity was observed. 
Step II 

Atorvastatin calcium (1.8 g, same as that used as starting compound in step I) and 
atorvastatin calcium (0.2 g, obtained from step I above) were suspended in a mixture of de- 
ionized water (34 ml) and methanol (6 ml). The temperature was raised slowly to 38 to 40 °C 
and the suspension was stirred for 16 hours at the same temperature. The suspension was then 
cooled to 35 °C, filtered and dried under reduced pressure at 40 to 45 °C for 4 hours to get 
1.9 g of the product. The XRD spectrum of Hie product showed a change in pattern from that 
of the starting atorvastatin calcium. The XRD spectrum of the product matched with that of 
Form-I of atorvastatin calcium 

Example 12: Preparation of crv.stalli n e atorva,stat in calcium f omi-H .seed 

A mixture of methanol (360 ml) and de-ionized water (240 ml) was added to a 
mixture of amorphous atorvastatin calcium (15 g) and crystalHne atorvastatin calcium form I 
(15 g), me suspension was wanned to 45 °C slowly and stirred at the same temperature. The 
suspension became very thick after 24 hours and a mixture' of methanol (180 ml) and de- 
ionized water (120 ml) was added to resume stirring. The suspension was warmed to 45 °C 
and further stirred at the same temperature for 24 hours and then fihered. The filtered solids 
were dried under reduced pressure at 70 °C for 48 hours to get 27 g of crystalline atorvastatin 
calcium. The XRD spectrum of the product matched with that of Form-II of atorvastatin 
calcium. 
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WE CLAIM: 

1. A process for. the production of atorvastatin calcium in amorphous form 
comprising: 

a) reacting a solution of (47?-cis)-l,l-dimethylethyl-6-{2-[2-(4-fluorophenyl)- 
5-(l -methyl ethyl)-3-phenyl-4-[(phenylamino)-carbonyl]-l/f-pyrrol-lyljethyl}-2,2- 
dimethyl-l,3-dioxane-4-acetate (Compound H, as shown in Scheme I of the 
accompanied drawings) in a water-mis cible solvent with an acid to obtain [7?- 
(i^*J^*)]-l,l-dimethylethyi-2-(4-fluorophenyl)-p,5-dihydroxy-5-(l-methylethyl)-3- 
phenyl-4-:[(phenylamino) carbonyl]-li:/-pyrrole-l-heptanoate (Compound I, as 
shown in Scheme I of the accompanied drawings); 

b) treating Compound I with ati alkali metal hydroxide to obtain an alkali 
metal salt of atorvastatin; 

c) washing the solution of alkali metal salt of atorvastatin with a solvent 
immiscible or slightly miscible in water; 

d) treating the washed solution of alkali metal salt of atorvastatin with a 
calcium salt or calcium hydroxide to obtain atorvastatin calcium; 

e) isolating crade atorvastatin calcium; 

f) purifying crude atorvastatin calcium by dissolving in a mixture of 
tetrahydrofiiran and methanol, and precipitating with water to obtain pure 
atorvastatin calcium in crystalline form; and 

g) converting crystalline pure atorvastatin calcium so obtained into amorphous 
form. 

2. A process for purifying atorvastatin calcium comprising dissolving crude 
atorvastatin calcium in a mixture of tetrahydrofiiran and methanol, and 
precipitating with water to obtain pure atorvastatin calcium in crystalline form. 

3. The process of claim 2, wherein the acid used is an inorganic acid. 
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The process of claim 3, wherein the acid is selected from the group consisting of 
hydrochloric, hydrobromic, sulphuric, phosphoric and nitric acids. 

The process of claim 1, wherein the water-miscible solvent is selected from the 
group consisting of acetonitrile, alcohols, cyclic ethers, ketones and mixtures 
thereof 

The process of claim 5, wherein alcohols are selected from the group consisting of 
methanol, ethanol, propanol, and isopropanol. 

The process of claim 1, wherein the reaction of step b) is carried out at a pH of 
about 12. 

The process of claim 1, wherein the alkali metal hydroxide is selected from the 
group consisting of sodium hydroxide, potassium hydroxide and lithium 
hydroxide. 

The process of claim 1, wherein the solvent immiscible or slightly miscible in 
water is selected from the group consisting of ethers, esters, and hydrocarbons. 

The process of claim 9, wherein ethers are selected from tiae group consisting of 
methyl tertiary butyl ether, diethyl ether, methyl ethyl ether and dibutyl ether. 

The process of claim 1, wherein the pH of the solution of step c) is lowered to 
about 7.8 to 8.2 with an acid before proceeding with step d). 

The process of claim 1, wherein step d) is performed at a temperature of about 45 
to 55 X. 

The process of claim 1, wherein the calciimi salt is selected from the group 
consisting of calcium acetate, calcium chloride, calcium sulfate, calcium nitrate 
and calcium phosphate. 

The process of claim 1, wherein any residual solvent inamiscible or slightly 
miscible in water remaining in the reaction mixture is removed after step d) is 
removed under reduced pressure. . 

The process of claim 1, wherein crude atorvastatin calcium is precipitated by 
addition of water. 

The process of claim 15, wherein water is added at a temperature of about 55 to 
■65°C. - 
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The process of claim 1, 15 or 16, wherein seeds of crystalline atorvastatin calcium are 
added to the reaction mixture. - 

The process of claim 1 , or 15 to 17, wherein crude atorvaslatin calcium is isolated by 
cooling the reaction mixture to a temperature of about 20 to 35 "C. 
The process of claim 1 or 2, wherein tetrahydrofuran, methanol and water are in the 
volume ratio 1:1:4. 

The process of claim 1, 2 or 19, wherein water is added at a temperature of about 60 
to 65 °C. 

The process of claims 1. 2, 19 or 20, wherein seeds of crystalline atorvastatin calcium 
are added to facilitate the precipitation. 

The process of claim 21, wherein seeds of crystalline atorvastatin calcium are added 
at a temperature of about 50 °C. 

The process of daims 1, or 19 to 22, wherein pure atorvastatin calcium is isolated by 
cooling the mixture to a temperature of about 30 to 35 °C. 

The process of claim 1, which comprises an additional step wherein the pure 
crystalHne atorvastatin calcium obtained after step f) is suspended in a mixture of 
methanol and water in the volume ratio 1 to 5 and stirred with seed crystals of 
crystalline form I, to obtain atorvastatin calcium in crystalline form I. 
The process of claim 24, wherein the stirring is performed at, a temperature of about 
30 to 45°C. 

The process of claim 1, which comprises an additional step wherein the pure 
crystalline atorvastatin calcium obtained after step f) is suspended in 15 to 25 volumes 
(w.r.t weight of atorvastatin calcium) of a mixture of methanol and water in the 
volume ratio 3 to 2 and stirred with seed crystals of crystalhne form II, to obtain 
atorvastatin calcium in crystalline form II. 

The process of claim 24, which comprises a further additional step wherein the 
obtained crystallme form I of atorvastatin calcium is suspended in 15 to 25 volumes 
(w.r.t weight of atorvastatin calcium) of a mixture of methanol and water in the 
volume ratio 3 to 2 and stirred with seed crystals of crystalline form H, to obtain 
atorvastatin calcium in crystalline form II. 
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The process of claim 26 or 27, wherein the stirring is perfonned at a teinperature of 
about 10 to 65 °C. 

The process of claim 1, wherein amorphous atorvastatin calcium is obtained by 
dissolving pure crystalline atorvastatin calcium in tetrahydrofuran and adding the 
resulting solution to cyclohexane. 

The process of claim 29, wherein water is added to tetrahydrofuran to dissolve 
pure crystalhne atorvastatin calcium. 

A process for the production of stabilized, amorphous atorvastatin calcium 
comprising: 

a) dissolving crystalline atorvastatin calcium and an antioxidant in a solvent; 

b) adding the atorvastatin calcium and antioxidant solution to an antisolvent; 
and 

c) separating precipitated, amorphous atorvastatin calcium from the resulting 
suspension to obtain stabilized, amorphous atorvastatin calcium 

A process for the production of atorvastatin calcium in amorphous form 
comprising: 

a) dissolving ciystaihne atorvastatin calcium in a hydroxylic solvent; 

b) adding the obtained solution of atorvastatin calcium to a non-hydroxyhc 
anti-solvent, wherein the non-hydroxyhc anti-solvent has a higher boiling 
point than the hydroxyUc solvent; 

c) concentrating tiie solution so obtained to remove the hydroxylic solvent; 
and 

d) separating precipitated amorphous atorvastatin calcium from the resulting 
suspension to obtain amorphous atorvastatin calcium. 

The process of claim 32, wherein an antioxidant is added to the solution of 
atorvastatin calcium in hydroxyUc solvent. ' 

The process of claim 31 or 33, wherein the antioxidant is selected frbm the group 
consisting of butylated hydroxyanisole, butylated hydroxytoluene and tertiary- 
bulylated hydroquinone. 
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35. The process of claim 1, wherein the conversion to amorphous form is achieved 
according to the process of claim 31, 32 or 33. 

.36. The process of claim 30 to 33, wherein the solution of atorvastalin calcium is dried 
before precipitation of amorphous atorvastatin calcium. 

37. The process of claim 36, wherein the solution is filtered through dry molecular 
sieves. 

38. The process of claim 36, wherein the solution is made using excess of solvent, 
which is then concentrated to achieve drying. 

39. The process of claim 31, wherein the solvent is selected from the group consisting . 
of ketones, esters, chlorinated hydrocarbons, cyclic ethers, alcohols, nitriles, 
dipolar aprtic solvents, and mixtures thereof with water. 

40. * The process of claim 39, wherein the cyclic ethers are selected from the group 

consisting of dioxan, tetrahydrofiiran, and mixtures thereof. 

41. The process of claim 31, wherein the anti-solvent is selected from the group 
consisting of hydrocarbons and dialkyl ethers. 

42. The process of claim 32, wherein the hydroxylic solvent is selected from the group 
consisting of alcohols, and mixtures thereof with water. 

43. The process of claim. 39 or 42, wherein alcohols are selected from the group 
consisting of methanol, ethanol, propanol, and isopropanol. 

44. The process of claim 32, wherein the non-hydroxylic anti-solvent is selected from 
the group consisting of hydrocarbons and dialkyl ethers. 

45. The process of claim 41 or 44, wherein the hydrocarbons are selected from the 
group consisting of cyclohexane, hexane, heptane, petroleum ethers, toluene, and 
xylene. 

46. The process of claim 1, wherein (4i?-a5)-l,l-dimethylethyl-6-{2-[2-(4- 
fluorophenyl)-5 -(1 -methylethy l)-3 -phenyl-4-[(phenylamino)-carbonyl]- lif-pyrrol- 
lyl] ethyl} -2,2-dimethyl-l,3-dioxane-4-acetate (Compound H, as shown in Scheme 
I of the accompanied drawings) is obtained by 

a) treating (i?)-ethyl 4-cyano-3-hydroxybutanoate (Compound A, as shown in 
Scheme I of the accompanied drawings) with 1,1-dimethylethylacetate (Compound 
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B, as shown in Scheme I of the accompanied drawings), in the presence of n-butyl 
lithium and diisopropyl amine to obtain (i?)-l,l-dimethylethyl-6-cyano-5-hydroxy- 
3-oxohextooate (Compound C, as shown in Scheme I of the accompanied 
drawings), 

b) treating Compound C with diethyl methoxyborane and sodium borohydride 
to obtain [i^-(/?'^i^*)]-l ,l-dimethylethyl-6-cyano-3,5-dihydroxyhexanoate 
(Compound D, as shown in Scheme I of the accompanied drawings), 

c) treating Compound D with 2,2-dimethoxy propane and methanesulfonic 
acid to obtain {4R-cisyi ,1 -dimethylethyl-[6-cyanomethyl-2,2-dimethyl-l ,3- 
dioxan]-4-acetate (Compound E, as shown in Scheme I of the accompanied 
drawings), 

d) treating Compound E under reducing conditions to obtain (4ii-<7/.y)-l,l- 
dime1hyIethyl-[6-(2-aminoethyl)-2,2-dimethyl-l,3-dioxan-4-yl] acetate 
(Compound F, as shown in Scheme I of the accompanied drawings), and 

e) condensing Compound F- with (±)-4-fluoro-a-(2-methyI-l-oxopropyl)-Y- 
oxo-iV,P-diphenylbenzenebutaneamide (Compound G, as shown in Scheme I of the 
accompanied * drawings) to obtain '(4i?'-c/5')-l,l-dimethylethyl-6-{2-[2-(4- 
fluorophenyl)-5-(l-methylethyl)-3 -phenyl-4-(phenylamino)carbonyl]- lif-pyrrol- 
lyl]ethyl}-2,2-dimethyl-l, 3-dioxane-4-acetate (compound H, as shown in Scheme 
I,of the accompanied drawings). 

47.jA process for the production of atorvastatin calcium in amorphous form, as herein 
described and exemplified by the examples. 

Dated this 16™ day of March, 2004. 

For Ranbaxy Laboratories Limited 
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(Sushil Kumar Patawari) 
Company Secretary 
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